Abstract. Aiming at low efficiency of existing sliding bearing load balance calculation, a new method that based on neural network proportional-integral-derivative (PID) algorithm is proposed for the first time, in which a compound control algorithm combining neural network and PID algorithm is applied. In this new method, the load error is taken as the input of the system, and the eccentricity of the bearing is used as the input of the controller, and the output of the system is the oil film force of the bearing. Comparing with traditional method, calculation results show that: the number of iterations calculated by neural network PID algorithm is less than traditional one and has higher efficiency and stronger adaptability under different loads.
Introduction
Sliding bearings have a wide range of applications in large machineries [1] . Load balance calculation is the basis for calculation of dynamic characteristics of sliding bearings, whose results will change with different load conditions. The oil film pressure obtained under the given load needs to meet the load balance condition [2] , because the oil film bearing capacity is not necessarily equal to the load when the oil film pressure converges.
At present, the researchers have done a lot of research on the sliding bearing [3, 4] , which effectively reveals the lubrication characteristics of the bearing and its influencing factors, but there are relatively few research methods for the calculation of bearing load balance. In this paper, the sliding bearing is taken as the research object, and the mathematical model of fluid lubrication is established. The idea of control system is introduced into the calculation of load balance, and the neural network PID algorithm is used to effectively solve the problem of low computational efficiency and poor adaptability of traditional methods, which has certain reference significance for subsequent research.
Sliding bearing model

Oil film pressure solution
The dynamic pressure radial sliding bearing is simplified, and the oil film thickness calculation is shown in Fig. 1 .
In Fig. 1 , is the center of the bearing, ( , ) donates the center of the journal. represents the bearing radius, is the journal radius, donates the eccentricity, is the position angle, and ℎ is the oil film thickness at point A, donates shaft rotation angle. According to the geometric relationship, the expression of the oil film thickness is ℎ = + cos + sin , where = − donates the radius gap, the eccentricity is = / . The relationship between axial coordinate and the eccentricty position and angle is:
Under certain assumptions, unsteady Reynolds equations [5] can be obtained in an incompressible (invariant), laminar state (without considering turbulence effects) and viscosity does not change with pressure:
where donates oil film pressure, donates width of bearing, represents journal angular velocity, is oil viscosity. By using the finite difference method and substituting the boundary conditions to solve the Reynolds equation, the pressure distribution of the bearing oil film can be obtained. 
Bearing oil film joint force solution
Through the known oil film pressure, the resultant oil film force can be integrated, and the oil film joint force is the embodiment of bearing bearing capacity. The oil film pressure is integrated in the x and y directions to obtain the oil film force and :
The discretization of the oil film force is solved, and the double integral is converted into the cumulative summation for calculation. The component in the x direction is ( , )cos( ), and the component in the direction is ( , )sin( ) . Therefore, the oil film force component discretization summation formula is in the form:
where is a coefficient whose value is 1/4 of the vertices of the summation region, 1/2 for the boundary, and 1 for the internal node. The oil film resultant force is: = + and the load angle is tan = / .
Load balance calculation
Calculation process
Under the condition of load and other parameters, a set of pressure solutions that reach the convergence condition is calculated by the Reynolds equation iteration, and then the bearing oil film force is solved by integral, and whether the load balance condition is satisfied is judged. If the load balancing condition is not met, the bearing eccentricity needs to be modified until the resulting oil film force satisfies the load balancing condition. The calculation process is shown in Fig. 2 .
The load balancing condition is ΔW = | − | ≤ , where Δ is the load error, donates the external load, and is the load balance tolerance. Under certain premise, the size of the oil film force is related to the eccentricity. Therefore, when solving the oil film pressure, it is necessary to find the eccentricity, so that the oil film combined force is equal to the bearing load. The difficulty of the above solution process is how to modify the eccentricity according to the load error, in order that the calculated oil film force can quickly and accurately approach the external load, which requires the algorithm to be simple and efficient, and has strong adaptability. 
Step-down method
The step-down method is a variable-step load balancing algorithm. The adjustment step size Δ of the fixed eccentricity is not easy to converge, so the general calculation changes the size of the step Δ according to the number of iterations. Primary selection eccentricity , then adjust the eccentricity according to the load error :
After -round calculation, the load error is continuously reduced. At this time, the error value is further reduced by the binary law Δ = Δ /2 until the convergence accuracy is satisfied. This method is simple, but the problem is how to choose the initial eccentricity reasonably and how to determine and start the binary calculation. This method has certain limitations for variable load calculation.
Single neural network PID method
Neural network PID method has been widely used in control systems [6] [7] [8] . The typical single neural network PID control structure is shown in Fig. 3 . The characteristic of the algorithm is that the adaptive control function is realized by adjusting the weight coefficients, and the weight coefficient is adjusted according to the supervised Hebb learning rule [9, 10] . In order to realize the constraint control of output error and control incremental weighting, with the idea of optimal control, a quadratic performance index is introduced in the adjustment of the weighting coefficient, and the weighting coefficient is adjusted by minimizing the output error and the control incremental weighted square sum. Set performance indicators ( ) as:
where , are the weighting coefficients of the output error and the control increment, respectively, and ( ), ( ) represent the reference input and controller output at time .
The neuron input ( ) and weight coefficients ( ) are expressed as:
where , , are the learning rates for adjusting the weighting coefficients of the control parameters , , and respectively, and is the first values of the output response, and there is:
The neural network PID algorithm is applied to the sliding bearing load balance solving problem. The reference input in the algorithm corresponds to the bearing load , the system output corresponds to the bearing oil film force , the control quantity corresponds to the eccentricity , and the system control object corresponds to the bearing elastohydrodynamic lubrication. model.
Results and discussions
Taking the sliding bearing in Table 1 as the research object, in order to compare the different effects of the step-down method and the neural network PID method under different loads in load balance calculation, the load is 60 kg, 100 kg and 140 kg respectively. In the calculation process, in order to ensure the gradual reduction of the convergence of the calculation results, the initial value of the eccentricity and the number of iterations before the start of the dichotomy are adjusted. The iterative results are shown in Fig. 4 . It can be seen from the iterative curves in Fig. 4 that these two algorithms can effectively complete the load balance calculation, and as the load increases, the number of iterations increases. Because of the load increasing, it is necessary to increase the eccentricity to produce a large oil film balance, and the greater the eccentricity, the more sensitive the oil film force is to change it. In order to ensure the accuracy of convergence, it is necessary to reduce the eccentricity adjustment step size, thus resulting in an increase in the number of iterations required. When the loads are the same, Fig. 4 indicates that the neural network PID algorithm costs less iterations than the step-down method, and the advantages are more obvious as the load increases.
See Table 2 for specific comparison. When the load is 60 kg, the iterations of the step-down method and the neural network PID method are 18 and 16 times respectively. When the load increases to 100 kg, the number of iterations of the two algorithms is 24 and 20 times. The results demonstrate that neural network PID has strong adaptability. After the system parameters are determined, the calculation step size can be automatically adjusted according to the error. 
Conclusions
In this paper, a new method of load balance calculation of sliding bearing is studied. With the idea of control system, the neural network PID algorithm is applied to the calculation of load balance for the first time. Compared with the traditional step-down method, the neural network can be known from the result. The PID algorithm is obviously superior to the step-down method, and has the characteristics of less iterations, fast convergence, and strong adaptability of working conditions, which can effectively improve the calculation efficiency of the load balance of the sliding bearing.
